Polymyxin B, minocycline, and tigecycline were the most potent of 10 antibiotics against 170 isolates of multidrug-resistant Acinetobacter baumannii. In time-kill studies, the exposure of a highly tigecycline-resistant isolate to tigecycline resulted in enhanced susceptibility to amikacin and synergistic bactericidal activities of the two drugs.
Determining optimal therapy for Acinetobacter baumannii infections is a challenge because of emerging multidrug resistance (1-4, 8, 12-14, 16) . Tigecycline has potentially useful activity (5, 9) but may not always be effective as monotherapy (10, 11) . Various antibiotic combinations have been suggested as potential therapies (12) , but little is known about the activity of tigecycline-based combinations. Therefore, a study was designed to investigate the in vitro activities of tigecycline and comparison agents against multidrug-resistant A. baumannii, followed by investigations of the activities of combinations of tigecycline and either polymyxin B or amikacin against isolates with various levels of tigecycline susceptibility.
The isolates were obtained from Walter Reed Medical Center, Washington, DC, from military personnel wounded in Iraq (n ϭ 150) and from the Creighton University culture collection (n ϭ 20). The latter set included producers of IMP-1, VIM-2, and OXA-23 carbapenemases. MICs of tigecycline, minocycline, imipenem, ampicillin-sulbactam, levofloxacin, ceftazidime, gentamicin, amikacin, polymyxin B, and piperacillin-tazobactam were determined by CLSI microdilution methodology with frozen panels made from freshly prepared Mueller-Hinton broth (TREK Diagnostic Systems, Cleveland, OH). Because of trailing end points, MICs of piperacillin-tazobactam were determined with conservative and liberal interpretations based on CDC recommendations (15) .
The activities of tigecycline, amikacin, and polymyxin B and combinations of tigecycline and either amikacin or polymyxin B were further evaluated in time-kill studies using concentrations that did not cause significant killing by any drug alone after 24 h. Mueller-Hinton broth cultures were inoculated with Ն5 ϫ 10 5 CFU of each isolate in log phase/ml, and killing was assessed at 0, 2, 4, 6, and 24 h. The emergence of resistance was investigated if regrowth followed killing. After 24 h of incubation, bactericidal activity was defined by a Ն3-log 10 decrease in the number of CFU per milliliter, and synergy was defined by a Ն2-log 10 decrease in the number of CFU per milliliter in a comparison of the results for the combination and its most active constituent. The tigecycline, polymyxin B, and amikacin microdilution MICs for the three isolates used in the time-kill studies are given in Table 1 .
Based on MIC 90 s, polymyxin B (MIC 90 ϭ 2 g/ml) was the most potent agent, followed by tigecycline and minocycline (8 g/ml), imipenem and levofloxacin (16 g/ml), and ampicillinsulbactam (128 g/ml) ( Table 2) . Amikacin, ceftazidime, gentamicin, and piperacillin-tazobactam were less active, exhibiting high, out-of-range MIC 90 s. Although tigecycline and minocycline had similar overall activities, they differed distinctly against some isolates. Minocycline was significantly more potent than tigecycline against 13 isolates (minocycline MICs, 0.5 to 4 g/ml; tigecycline MICs, 8 to 64 g/ml), and tigecycline was significantly more potent against 27 isolates (tigecycline MICs, 2 to 4 g/ml; minocycline MICs, 8 to 32 g/ml). Examples include isolates GM186 (minocycline MIC, 4 g/ml; tigecycline MIC, 64 g/ml), 841 (minocycline MIC, 0.5 g/ml; tigecycline MIC, 8 g/ml), and GM248 (tigecycline MIC, 4 g/ml; minocycline MIC, 32 g/ml). This phenomenon is worth further investigation to understand its mechanistic basis and also to utilize pharmacokinetic-pharmacodynamic studies to explore potential clinical implications.
An 8-g/ml concentration of tigecycline (0.12ϫ MIC) in combination with a 2-g/ml concentration of amikacin (1.0ϫ MIC) was bactericidal, and the two drugs were synergistic against highly tigecycline-resistant isolate 1826 (Fig. 1) . Alone, both agents suppressed growth for 4 h, and the suppression was followed by regrowth. Tigecycline alone selected a less susceptible mutant (for which the tigecycline MIC was Ͼ128 g/ml) with enhanced susceptibility to amikacin (the MIC decreased from 2 to Յ0.5 g/ml). The synergy that appeared to be due to the enhanced amikacin susceptibility was interesting because a similar phenomenon with Pseudomonas aeruginosa, in which imipenem-levofloxacin combinations prevented the emergence of resistance in strains lacking susceptibility to one or both drugs, was reported previously (6, 7).
An 8-g/ml concentration of tigecycline (0.12ϫ MIC) in combination with a 1-g/ml concentration of polymyxin B (0.5ϫ MIC) produced a Ͼ3-log 10 reduction in the CFU of isolate 1826 at 4 h, followed by regrowth with no susceptibility changes. The combination of tigecycline and polymyxin B was more active than either agent alone.
The combination of 0.06 g of tigecycline/ml (0.5ϫ MIC) and 0.5 g of polymyxin B/ml (0.5ϫ MIC) was more active against isolate 853 than either drug alone but was neither bactericidal nor synergistic, producing a Ͼ3-log 10 decrease in CFU at 6 h, followed by regrowth without susceptibility changes. A 0.06-g/ml concentration of tigecycline in combination with a 0.5-g/ml concentration of amikacin produced a Ͼ3-log 10 reduction in CFU at 4 to 6 h, followed by regrowth due to the emergence of reduced susceptibilities to tigecycline and amikacin (the tigecycline MIC increased from 0.12 to 1 g/ml; the amikacin MIC increased from Յ0.5 to 8 g/ml). Exposure to tigecycline alone resulted in reduced susceptibilities to tigecycline (the MIC increased from Յ0.12 to 0.25 g/ml) and piperacillin-tazobactam (the MICs increased from Յ4/4 g/ml to 32/4 g/ml, respectively).
A combination of 4 g of tigecycline/ml (1.0ϫ MIC) and 0.5 g of polymyxin B/ml (0.5ϫ MIC) was bactericidal and synergistic against isolate 1198, whereas the addition of 16 g of amikacin/ml (Յ0.06ϫ MIC) to tigecycline did not enhance activity (data not shown). Growth in 16 g of amikacin/ml was comparable to that in the antibiotic-free control. Exposure to sub-MIC tigecycline concentrations of 1 and 2 g/ml (0.25ϫ and 0.5ϫ MIC, respectively) led to the emergence of reduced susceptibility to tigecycline (the MIC increased from 4 to 32 g/ml). Overall, tigecycline alone was confirmed to be active against many multiple-antibiotic-resistant isolates of A. baumannii (5, 9, 10) . In this study, tigecycline was shown to be more active in vitro when combined with an appropriate codrug. The differences in tigecycline and minocycline activities against some isolates indicated that neither drug should be used as a surrogate test agent for the other and that laboratories should test and report the results for only the compound intended for therapy. The phenomenon of tigecycline's selecting enhanced susceptibility to amikacin was particularly interesting from a scientific perspective, as it may indicate a basis for designing more effective antibiotic combinations for treating A. baumannii infections caused by other strains. Further studies are needed to elucidate the mechanism responsible for this effect and to explore its therapeutic potential.
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